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a b s t r a c t
The study aimed at assessing the rotational motion of the left ventricle around the long axis
in patients affected by isolated left ventricular noncompaction (LVNC) and comparing their
results with those of healthy volunteers.
Patients and methods: The study comprised eight patients with LVNC conﬁrmed by echocar-
diography and magnetic resonance imaging (mean age 41  19 years; four males; left
ventricular ejection fraction [LVEF] 45  25%). The patients were divided into Group A with
an LVEF above 50% (four patients; one male) and Group B with an LVEF below 50% (four
patients; three males). For both groups, age- and sex-matched volunteers were found. The
focus was on myocardial twist, rotation of the LV apex and base, times to reach maximal
apical and maximal basal rotation and myocardial twist, as well as correlations between
systolic function, rotation of individual planes and LV twist.
Results: When comparing LVNC patients with healthy volunteers, there were statistically
signiﬁcantly decreased systolic function ( p = 0.004), larger diastolic dimension ( p = 0.045)
and decreased apical rotation ( p = 0.01). Left ventricular twist was signiﬁcantly decreased in
the group of patients with LVNC and systolic dysfunction ( p = 0.04). A statistically signiﬁcant
correlation was found between systolic function and LV apical rotation.
Conclusion: The study showed a signiﬁcant decrease in apical rotation and twist mechanism
of the LV as measured using two-dimensional speckle tracking in patients with LVNC and
decreased LV systolic function. Measuring these parameters could contribute to more
accurate diagnosis and risk stratiﬁcation of patients affected by this condition.
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Introduction
Left ventricular noncompaction (LVNC) is a rare hereditary
condition manifested by heart failure, cardioembolic events
and severe arrhythmias [1,2]. The prognosis of patients with
manifested cardiac failure is rather poor; a death rate of 59% or
a need for heart transplantation within six years of diagnosis
has been reported [2]. The basic screening method is
echocardiography; however, no clear diagnostic parameters
have been set up as yet. A recent study comparing individual
criteria published by Chin et al., Jenni et al. and Stölberger et al.
pointed to their low sensitivity [1,3,4]. All conditions were met
by only 30% of patients [5].
A promising method for further stratiﬁcation of patients
with LVNC seems to be echocardiographic assessment of
deformation parameters using two-dimensional speckle
tracking, an approach which, unlike tissue Doppler imaging,
is angle-independent [6–9].
In addition to radial, circumferential and longitudinal
contractions, rotation around the left ventricular (LV) long
axis may also be assessed. During the ejection phase, the LV
apex of a healthy heart shows counterclockwise rotation while
Fig. 2 – Arrangement of myofibrils in the subendocardium
and subepicardium.
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a varied arrangement of myoﬁbrils in the subendocardium and
subepicardium [10–12] (Fig. 2). This results in wringing motion
of the heart, aiding in the accumulation of potential energy
that is released in the isovolumic relaxation phase and thus
contributing to rapid ﬁlling, as immediately reﬂected in LV
diastolic function [13–17]. Currently, LV rotation is quantiﬁed
by two methods, twist and rotation measurements. Twist is
deﬁned as the difference between maximal instant rotation of
the LV base and apex planes around the short axis (in degrees)
[18–20]. Rotation is the difference between maximal instant
rotation of the base and apex planes related to the LV long axis.Fig. 1 – Wringing motion of the heart during the ejection
phase.Rotation parameters may be altered in various pathological
conditions such as myocardial infarction, heart failure, aortic
stenosis, diabetes mellitus and cardiomyopathy [21–25]. The
objective was to study the LV twist mechanism in LVNC
patients with normal and impaired systolic function com-
pared with that in healthy volunteers, potentially contributing
to a more accurate stratiﬁcation of the patients.
Patients and methods
The study group comprised eight patients (mean age 41  19
years; four males; left ventricular ejection fraction [LVEF]
45  25%) with LVNC conﬁrmed by echocardiography andTable 1 – Characteristics of groups.
Group Group A
LVEF >50%
Group B
LVEF <50%
Control
Group A
Control
Group B
Age (years) 30 52.8 30.5 48
Men (%) 25 75 25 75
Height (cm) 171 174.8 170.5 177.8
Weight (kg) 66.7 75.8 65.5 91.8
BMI 22.7 26.7 23.5 29
LVDd (mm) 50.3 66.8 48 50
LVDs (mm) 26.5 53.3 25.3 29.8
LVEF (mm) 61.3 30 65 65
Bundle
branch
block (%)
0 100 0 0
Heart failure
(%)
0 75 0 0
Heart rate
(min)
82.3 70 71.8 67.8
BMI, body mass index; LVDd, end diastolic diameter; LVDs, end
systolic diameter; LVEF, left ventricle ejection fraction.
Fig. 3 – Normal rotation and left ventricle twist.
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graphic criteria deﬁned by Jenni et al. and Stölberger et al.
[3,26]. The subjects were divided into Group A with an LVEF
above 50% (four patients; one male) and Group B with an LVEF
below 50% (four patients; three males). Group A members were
enrolled based on screening of ﬁrst-degree relatives of LVNC
patients followed in our outpatient cardiology center. For bothFig. 4 – Decrease of basal rotation, apical groups, age- and sex-matched volunteers with sinus rhythm,
no cardiovascular disease and good echocardiographic image
quality were found, referred to as Control Group A and Control
Group B. Throughout their examination, all participants had
normal blood pressure and heart rate ranging between 47 and
85 beats/min. Characteristics of the groups are shown in
Table 1. Blood pressure was measured with the Omron M6rotation and ventricle twist in LVNC.
Table 2 – Left ventricular rotation and twist in groups.
Group Group A
LVEF >50%
Group B
LVEF <50%
Control
Group A
Control
Group B
Left ventricle
twist
13.3 5.6 16.4 15.5
Rotation basal
mean (8)
3.1 5.3 2 4
Rotation apical
mean (8)
11 2 14 13.8
c o r e t v a s a 5 6 ( 2 0 1 4 ) e 4 7 1 – e 4 7 7e474automatic monitor (Omron Healthcare, Kyoto, Japan) in accor-
dance with 2008 Czech Society of Cardiology recommendations.
Echocardiographic assessment was carried out by a single
experienced echocardiographer using the Vivid E9 system (GE
Ultrasound AS, Horten, Norway). Two-dimensional harmonic
imaging with a frame rate of 50–80 frames/s was used, capturing
loops of two heart cycles at end expiration from a parasternal
short-axis view at the base (showing the tips of the mitral valve
leaﬂets) and the apex of the LV (as close to the apex as possible,
preserving the LV cavity). Attention was paid to accuracy of the
cross-section showing the circular shape of the ventricle. The
entire echocardiographic assessment was performed according
to recommendations from the European Association of Echo-
cardiography. The images were analyzed with the EchoPAC 6.1.0
software (GE Ultrasound AS). The data were processed by a
single observer. In basal and apical cross-sections of the LV from
the parasternal short axis, the endocardium was traced and LV
twist was calculated as the difference between maximal
rotations of individual cross-sections. Counterclockwise and
clockwise rotations (as viewed from the apex) were marked as
positive and negative values, respectively. End-systole was
deﬁned as the time of aortic valve closure. Normal twist
is shown in Fig. 3. Pathological motion of the base and apex is
shown in Figs. 4 and 5.
Statistical analysis
Given the small numbers of patients in individual groups,
nonparametric methods were used for comparison. The
individual groups were compared using the Wilcoxon test
comparing the median values. A p-value of <0.05 was
considered signiﬁcant; a p-value of <0.1 meant signiﬁcance
at a minimum level of 90%. Correlation was also calculatedFig. 5 – Pathological rotation – base using a nonparametric approach. Zero meant no relationship
between the variables.
Results
The groups of LVNC patients had signiﬁcantly lower LVEF
( p = 0.004) and signiﬁcantly larger LV diastolic dimension
( p = 0.045) than the control groups. All controls maintained
physiological clockwise basal and counterclockwise apical
rotation of the LV. Among patients (Groups A and B),
physiological clockwise basal rotation was noted in 93.7%.
Only one patient was shown to have pathological rotation. In
one Group B member with systolic dysfunction and one Group
A member with preserved systolic function, pathological
counterclockwise apical rotation was noted, that is, both the
base and apex rotated in the same direction during systole.
Average rotation and LV twist results are shown in Table 2.
When comparing the groups with LVNC and healthy controls,
there was no signiﬁcant difference in basal rotation ( p = 0.60).
In the group of LVNC the apical rotation was signiﬁcantlyand apex in the same direction.
Fig. 6 – Comparison of apical rotation between Group B –
patients with LVNC with systolic dysfunction, and healthy
volunteers – Group B control.
c o r e t v a s a 5 6 ( 2 0 1 4 ) 4 7 1 – 4 7 7 e475decreased, however ( p = 0.01). LV twist values were also
statistically signiﬁcantly lower in patients with LVNC and
systolic dysfunction than in healthy volunteers ( p = 0.04)
(Fig. 6). Similarly, Group B patients with systolic dysfunction
had signiﬁcantly decreased apical rotation ( p = 0.02) (Fig. 7).
There was no statistically signiﬁcant difference in times to
reach maximal basal and apical rotations and twist when
comparing Group B and controls ( p = NS). Upon comparison of
Group A patients with preserved systolic function and
controls, no statistically signiﬁcant differences were found
in LV apical and basal rotation or twist. Times to reach
maximal apical rotation ( p = 0.02) and twist ( p = 0.02) were
statistically signiﬁcantly lower in Group A patients. Time toFig. 7 – Comparison of left ventricular twist between Group
B – patients with LVNC with systolic dysfunction, and
healthy volunteers – Group B controlreach LV twist ( p = 0.007) correlated with higher heart rate in
Group A. There was a signiﬁcant correlation between apical
rotation and systolic function of the LV ( p = 0.0006).
Discussion
LV twist is determined by the helical, perpendicular arrange-
ment of myoﬁbrils. In a healthy heart, the endocardium is
activated ﬁrst, followed by the epicardium. In the pre-ejection
phase, subendocardial myoﬁbrils shorten and subepicardial
myoﬁbrils lengthen [27,28], resulting in a subtle clockwise
motion of the apex. After activation of the thicker subepi-
cardial layer with an opposite arrangement, counterclockwise
rotation follows. The opposite is true for the LV base [13,17,29].
Noncompaction cardiomyopathy is a heterogeneous condi-
tion. Its etiopathogenesis is explained by the inhibition of
embryogenesis of the endocardium and myocardium between
weeks 5 and 8 of intrauterine fetal development when
intramyocardial sinusoids should transform into capillaries,
potentially resulting in impaired myocardial perfusion [2]. The
hypothesis was conﬁrmed by a Swiss study assessing regional
myocardial perfusion and coronary reserve in LVNC patients
using positron emission tomography [30]. Pathological vascu-
lar supply of the myocardium may underlie increased
intramyocardial ﬁbrosis conﬁrmed in LVNC patients
[3,31,32]. In earlier studies of both dilated and noncompaction
cardiomyopathy, magnetic resonance imaging showed in-
creased intramyocardial ﬁbrosis, correlating with systolic
dysfunction, LV remodeling, worse clinical manifestations
and lower reversibility of the disease [33,34]. Fibrotic transfor-
mation may contribute to impaired wringing motion of the
heart. A study by van Dalen et al. found that in all LVNC
patients, the LV base and apex rotated in the same direction. A
hypothesis was put forward that in LVNC patients, the
development of the helical pattern of myoﬁbrils may also be
impaired; this pattern is energetically efﬁcient and important
for equal redistribution of wall stress and strain in the heart as
conﬁrmed by a mathematical model [35,36]. The presented
study found the same clockwise rotation of both the base and
the apex in only two patients, one from the group with LVNC
and good systolic function and the other from the systolic
dysfunction group.
In accordance with earlier studies by van Dalen et al. and
Bellavia et al., the presented study conﬁrmed signiﬁcant
reduction in apical rotation and twist of the LV in patients with
LVNC and systolic dysfunction [35,37]. However, decreased
basal rotation as reported by Bellavia et al. in a subgroup with
systolic dysfunction did not reach statistical signiﬁcance in
this study. The twist mechanism, in particular its apical
component, is an important part of both systolic and diastolic
function of the LV. The presented study found a signiﬁcant
correlation between apical rotation and overall systolic
function of the LV. Decreased apical rotation and twist of
the LV are suggestive of advanced disease, potentially
explained by advanced ﬁbrotic transformation of the myocar-
dium and thus a marker of poorer prognosis of LVNC patients.
Other similar studies showed quite analogous results pointing
to an association between apical rotation and overall systolic
function of the LV [38,39]. The limitation of all such studies is a
c o r e t v a s a 5 6 ( 2 0 1 4 ) e 4 7 1 – e 4 7 7e476small number of participants, which is understandable given
the low incidence of LVNC.
Conclusion
The study showed a signiﬁcant decrease in apical rotation and
twist mechanism of the LV as measured using two-dimen-
sional speckle tracking in patients with LVNC and decreased
LV systolic function. Given the aforementioned limitations of
diagnostic criteria for LVNC, measurements of apical rotation
and twist of the LV could contribute to a more accurate
diagnosis and risk stratiﬁcation of patients affected by this
condition.
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